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 Need to better understand human adaptation to space
 Provide better countermeasures
• Integrated approaches to minimize resources
 Provide tools for autonomy




 Relatively homogeneous, motivated, well-characterized subjects.
 Well-defined and characterized environment.
 Subject compliance rarely an issue.
 Disadvantages
 Small population
























































































HRP’s Behavioral Health and Performance (BHP) Element
Human Research Program
 Behavioral areas susceptible to increased risk over a one-year mission:
(1) sleep loss, circadian desynchrony, workload and fatigue




(6) family separation and personal communications
 Preliminary analysis for ISS (ongoing study):
• Available measures of subjective stress, sleep quality, and vigilance
 not all monotonic with mission time
 do not plateau by six months
• Sleep quality and vigilance have similar trends, which suggests increasing performance deficits for 
longer missions.
• There are correlations between stress, sleep, tiredness, and physical exhaustion that suggest an 
underlying physiological factor.
Even if stress is compensated and does not affect performance, it may produce adverse 












Psychological and Behavioral Changes during Confinement in a 520-Day 









Interpersonal conflict can impact crew performance and mission success (De 
Dreu & Weingart, 2003)
Human Research Program
Sleep in Space
Sleep-Wake Actigraphy and Light Exposure During 
Spaceflight – “Sleep-Wake” (Czeisler, Barger, et al., 
2012)
In addition to sleep loss, circadian desynchrony 
seems to occur on ISS. Estimates of circadian 
phase were generated by the validated model in the 













(Hours) • Sleep deficiency on ISS missions 
was similar to Shuttle missions (~ 6 
hours)
• Based on Shuttle data, there is no 
significant difference in average 
nightly sleep duration when taking 
medications (6 hours) versus when 


































































HRP’s Human Health and Countermeasures (HHC) Element




1. Risk Factor of Inadequate Nutrition 
2. Risk of Bone Fracture 
3. Risk of Cardiovascular Disease
4. Risk of Injury and Compromised Performance due to EVA Operations
5. Risk of Injury From Dynamic Loads
6. Risk of Decompression Sickness
7. Risk of Crew Adverse Health Event due to Altered Immune Response
8. Risk of Intervertebral Disc Damage
9. Risk of Renal Stone Formation
10. Concern of Clinically Relevant Unpredicted Effects of Medication
Mission Performance
11. Risk of Impaired Control of Spacecraft, Associated Systems, and Immediate Vehicle Egress Due to 
Vestibular/Sensorimotor Alterations Associated with Spaceflight
12. Risk of Impaired Performance Due to Reduced Muscle Mass, Strength, and Endurance
13. Risk of Reduced Physical Performance Capabilities Due to Reduced Aerobic Capacity
14. Risk of Orthostatic Intolerance During Re-Exposure to Gravity
Long-Term Health
15. Risk of Early Onset Osteoporosis Due to Spaceflight








































































* Updated data since 2010 Bone Summit Sibonga et al. 2014
Bone
Human Research Program





























































































































sidestepped, opened eyes, 
or paused for more than 
three seconds between steps 
Shuttle ISS
Pre                      Postflight Pre                      Postflight
Tandem Walk Test




1) Characterize the functional decrements immediately after landing.
2) Construct a recovery timeline of crewmember functional performance starting 
within hours of landing through the return to normative preflight levels. 
3) Compare the efficacy of U.S. Gradient Compression Garment (GCG) to the 



















HHC Intra-Element/P. Norsk 29
Human Research Program
Integrated Cardiovascular
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Human Research Program
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Genome Transcriptome Proteome Metabolome
Neural Progenitor 
Cells Repeatedly 




Cumulative Effects on 




100,000 mRNAs 1M Proteins 5,000-10,000 
metabolites
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•Optic Disc Edema   
(swelling)
1. Headward fluid shift due to microgravity 2. Fluid shift causes increased 
intracranial pressure (ICP)
•Hyperopic Shifts
Up to +1.75 diopters 
•Choroidal Folds 
Parallel grooves posterior pole








Current U.S. ISS VIIP Incidence
41 U.S. ISS astronauts flown to date as of Expedition 32:
– Unclassified astronauts N=16 (No MRI, OCT or ocular US)
– Non-cases N=6
– Confirmed cases: 19
– Class One N=2
– Class Two N=11
– Class Three N=2
– Class Four N=4
68.4 % Class 1&2
31.6 % Class 3&4
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Ground-based Evidence
• Decision-making performance (n=22) reaches dysfunctional levels for several 
measures during 2 ½-hour exposures to CO2 at 1.9 mmHg
• Visual effects reported (n=3) after ~30 min at 19 mmHg CO2: decreased depth 
perception (Sun et al., 1996), motion detection (Yang et al., 1997)
• Risk of headache increases with increasing 24-hr average levels of CO2 in the 
range of 2-5 mmHg aboard ISS
• Occurrence of numerous “space viscosity” events aboard ISS
• Increased cerebral blood flow at high CO2
• ISS level: 3 mmHg mean, >5 mmHg peak   (normal atmosphere: 0.30 mmHg)
State of Knowledge (New Evidence)
























































• Notional qualitative view of changes assuming currently known and effective countermeasures used
• Increased dash size = increased uncertainty in trend



















































































































































































































@AstroRM: “In my 
crew quarters on 
station. 3'x3'x6.3' I 
barely fit but it is 
home. I have my 
sleeping bag and 
computer and pics” 
Static model
Simulation-based model 

















































Cardiovascular Inflammation Fitness Fitness
Behavior/            
Performance Inflammation Mood Cognition Stress































































Inside Part of Whole vehicle
Spinning options:
We don’t know:
• The minimum artificial 
gravity level?














































































IMM is a risk forecasting decision support tool, which simulates medical event 
occurrences and impacts during space flight missions and can be used to optimize 
the medical system within the constraints of the space flight environment.







































Example Probability of Task Failure:
1.4 E-03
Diagram created with NETICATM by Norsys.
Sensitivity analysis on a Bayesian Network model such as this can be 
















Small World Network conceptual 
example
Proof-of-concept network based on a 










Images: D. Koller Probabilistic Graphical Models course
https://www.coursera.org/course/pgm
The Big Picture
 Need to better understand human adaptation to space
 Provide better countermeasures
• Integrated approaches to minimize resources
 Provide tools for autonomy




 Relatively homogeneous, motivated, well-characterized subjects.
 Well-defined and characterized environment.
 Subject compliance rarely an issue.
 Disadvantages
 Small population





































Mars 520-d mission simulation reveals protracted crew hypokinesis and 





















Cognition (formerly NeuroCATs) (NSBRI) Dr. Mathias Basner 
Development of normative database - ground study (12 
mission controllers and 12 astronauts) and pilot ISS flight 
test (Inc. 41/42; n=6 astronauts) 
Tool validation 
Clinical validation study (U. Penn)
HERA study
ISS one-year study














• Just in Time Training Development - Sowmya 
Ramachandran, Stottler-Henke Associates, Inc. 
- Serious Games for Team Training 
- Development of a flexible software training platform 
for just-in-time teamwork skills training
• Sociometric Badge Study (NRA) – Steve 
Kozlowski, Michigan State University
- Measuring, Monitoring, and Regulating Teamwork for 
Long Duration Missions 
- Validation of a sociometric badge developed for the 
monitoring of team functioning
Human Research Program
Scheduling Tools
•ISS Program and Mission Planners have requested flight surgeon inputs into real-
time scheduling decisions – currently, manual relay of information
•NASA BHP and the NSBRI are developing software to provide predictions of 
performance based on sleep-wake data
• Circadian Neurobehavioral Performance and Alertness (CNPA) (Elizabeth 
Klerman, Harvard Medical School) 
• Individualized Fatigue Meter in BHP-DS (Daniel Mollicone, Pulsar Informatics) 
•NSBRI funding integration and user-interface of models so that NASA personnel can use 
them as needed without relying on external experts
-> Individualized Countermeasure Regimen 
Proper scheduling of countermeasures 
(light, darkness, melatonin, diet, exercise, and 
medications) is the cornerstone for facilitating 
adaptation


























 Maximize use of ground-based analogs for development
 Ultimate validation on ISS
NASA ISS Astronaut LPs to Date 
 LPs are done in crewmembers if clinically indicated
 5 LPs conducted postflight in crewmembers with optic disc edema, no 
preflight LP as baseline
 Postflight LP measurements have demonstrated mild – moderate 
elevation in ICP, an inadequate surrogate to in-flight measurement of 










A 22 16.2 66
B 21 15.4 19
C 28 20.6 12
D 28.5 21.0 57





















































































• NASA-STD-3001, Volume 1 is 95% 
Confidence level for Risk of Exposure 
Induced Death (REID) less than 3%.
– Less than 1 in 33 chance of early death
– Best estimate is 20-years average life 
loss for space radiation attributable 
cancer
• Limit of 3% fatal cancer risk based on 1989 
comparison of risks in “less-safe” industries 
• Prevent clinically significant health 
effects including performance 
degradation, sickness, or death in-flight
• Lifetime limits for lens, circulatory system, 
and central nervous system are imposed to 
limit or prevent risks of degenerative tissue 
diseases
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NASA-STD-3001, Volume 1, Appendix F
Human Research Program
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(Walker et. al. 2003)
Galactic Cosmic Ray Contributions to Dose Equivalent
GCR Contributions to dose equivalent 
at 5 g/cm2 (Cucinotta et. al.  2003)
Shielded  GCR charge 
contributions to dose equivalent
G C R  C h a rg e  C o n trib u tio n s
C h a rg e  N u m b e r
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Examples of Current Modeling Efforts
http://three.usra.edu/#section=encyclopedia
Acute Radiation Risk and BRYNTRN Organ Dose (ARRBOD) Projection
The NASA Baryon Transport code (BRYNTRN) and the Acute Radiation Risk (ARR) code have been combined 
into a user friendly Graphical User Interface (GUI) to predict organ doses and prodromal risks for major solar 
particle events. The ARRBOD GUI is intended for mission planners, radiation shield designers, space 
operations in the mission, and space biophysics researchers. The ARRBOD GUI will serve as a proof-of-
concept example for future integration of other human space applications risk projection models.
Lung Cancer Explorer - The Lung Cancer Explorer, an open web portal to explore gene expression 
and clinical associations in lung cancer, was developed at The University of Texas Southwestern Medical 
Center (partially supported by the NASA funded UT Southwestern Medical Center Lung Cancer NSCOR grant, 
NNX11AC54G). This database aggregates over 30 public clinically-annotated lung cancer gene expression 
studies, along with some private data from the University of Texas Southwestern Medical Center, and presents 
a user-friendly, web-based interface to explore and analyze this data.
GCR Event-Based Risk Model (GERMcode): GERMcode allows scientists to model beam line 
experiments, such as those performed at the NASA Space Radiation Laboratory, utilizing variables for ion type, 
shielding materials, and sample holders. The software enables experimenters to interpret their data and to 
estimate the basic physical and biological output of the experiments. The software allows simulation of heavy 
ion beams including energy loss (LET), nuclear interactions, track structures, and Bragg curves and to integrate 
biological response models with physical descriptions of heavy ion beams.
Human Research Program
98
HZETRN2010: allows research scientists and engineers the ability to propagate solar particle event 
(SPE), galactic cosmic ray (GCR), or user-defined environments through bulk shielding materials and 
compute particle fluence spectra, dose, dose equivalent, and linear energy transfer (LET) spectra. 
NASA Space Cancer Risk Integrated Tools: A cancer risk projection code including 
evaluation of the level of uncertainty that exists for each of the factors (parameters) that are used in the 
model. The model originated from recommendations of the National Council on Radiation Protection and 
Measurements (NCRP, 1997; 2000) with revisions from the latest analysis of human radio-epidemiology 
data. NASA-defined radiation quality factors are formulated with probability distribution functions (PDFs) 
to represent uncertainties in leukemia and solid cancer risk estimates. 
OLTARIS: The On-Line Tool for the Assessment of Radiation in Space is a web-based set of tools and 
models that allows engineers and scientists to assess the effects of space radiation on spacecraft, 
habitats, rovers, and spacesuits. 
Relativistic Ion Tracks: RITRACKS simulates the stochastic nature of the energy deposition of 
relativistic ions. It was developed to use the Monte Carlo technique to simulate a stochastic cascade of 
biological events. RITRACKS illustrates the biophysical model of ionization and the excitation processes 
of the ion's track and the electrons liberated by the ion.
System Biology-based cancer models: The main model we have developed within this 
NSCOR is an agent-based model (ABM) of the mammary gland consisting of a hierarchy of mammary 
stem, progenitor, and differentiated cells. 






Before final award of selected proposals, the SRPE will  further review the 







protons 50-2500 1.2 - 0.20 2 to >100
4He 50- 1000 5 – 0.9 2 to >100 
16O 50- 1000 80 – 14 0.5 – 80 
20Ne 70-1000 96 – 22 0.45 – 65 
28Si 93-1000 151 – 44 0.66 – 46  
35Cl 500-1000 80 – 64 14 – 40
48Ti 150-1000 265-108 1.5 – 32
56Fe 50-1000 832 – 150 0.2 – 27 
Sequential 
Field (H/Fe) 




























































 Distributed simulation (e.g. Microsaint Sharp)
 Generates realistic task-management 
behaviors sensitive to task context, 
environment
 Produces task timelines, workload, and 
situation awareness profiles and visualization 
















early in the design process.  @AstroRM: “In my crew quarters on 
station. 3'x3'x6.3' I barely fit but it is 
home. I have my sleeping bag and 

































* More current data used for Visual Impairment Intracranial Pressure (VIIP)
Human Research Program
Countermeasure Identification
• Use of evidence‐based tools, primarily the Integrated Medical Model 
(IMM), to help quantify risk contributors with other analytic techniques 
being employed where appropriate. 
• Conditions contributing to medical risk are identified and quantified:
• Integrated Medical Model 
• Exploration Medical Condition List
• Subject Matter Experts
• Information can be communicated to mission architecture teams with the 
goal of minimizing medical risk
Human Research Program
Additional Brainstorming
 Various medical conditions are under investigation by other Elements
• Review their investigation plan. Does it include plans for prevention, 
diagnosing, etc.
• Analyze data from other Elements to determine if additional cause/effect 
relationships exists regarding medical conditions under the purview of ExMC
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Human Research Program
Computational Model for Spacecraft/Habitat Volume 
Study Objectives and Approach
• A computational model based on mission tasks will:
– Support iterative design process
– Reduce design and mission risks
– Improve spacecraft volume design and operations
• Specific Aims:
– Generate a set of optimal spacecraft/habitat volumes for a given 
mission.
– Generate associated layout assumptions that will provide an early 
indication of the spatial characterizations of a given space. 
– Perform assessments of the viability and acceptability of the volumes 
based on outputs from the model, described via a set of performance 
metrics. 
– Perform assessments to provide a characterization of risks across the 
model parameter space.
Human Research Program
Summary
• Summarize spaceflight effects, risks for future missions
• Summarize current countermeasures and why we’re 
interested in methods to identify countermeasure targets 
with cross‐disciplinary benefits (e.g. minimize resource 
utilization)
• Summarize research venue opportunities (to keep in mind for 
brainstorming future collaborative work)
• Summarize current modeling efforts and why we’re 
interested in additional techniques to enable integration and 
system‐level behavior insights
• Summarize data descriptions (also to keep in mind for 
brainstorming future collaborative work)
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